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I. General Methods
All reagents were purchased from Aldrich and used without further purification. Proton NMR, 13 ESI mass spectrometry was performed using a Varian QF ESI 9.4 Tesla instrument with Internal Calibration. The resulting UV-Vis spectra were then recorded from 400 to 800 nm using a Varian Cary 5000 spectrophotometer at room temperature and monitoring the change in spectral signature. The cell length was 10 mm.
Scanning electron microscopy (SEM) was carried out using a Zeiss Supra 40VP FE-SEM instrument. The samples were prepared on a silicon wafer, which was cleaned using nitric acid prior to use. The wafer was then dropped into a polymer dispersion and dried immediately for 1 hour at 25 o C prior to commencing the analyses.
Dynamic light scattering (DLS) analyses were performed on a custom-built Brookhaven ZetaPlus apparatus with calculations of the size distributions and distribution averages being performed using the ISDA software package (Brookhaven Instruments Company), which employed single-exponential fitting, cumulants analysis, and non-negatively constrained least-squares (NNLS). A distribution of hydrodynamic diameters was obtained on the basis of the Stokes-Einstein equation for the diffusion coefficient. All distributions were weighted by volume. The scattering angle was set to 30º while the temperature was held at 25°C. Prior to analysis, all solutions were filtered through a 0.45 µm PTFE membrane filter (Millipore Corp., Medford, MA). and 6d were collected at -50 °C on a Rigaku SCX-Mini diffractometer using a monochromatized MoKα source (λ = 0.71070 Å) equipped with a Mercury CCD area detector. X-ray crystallographic data for 6a and 4 were collected at 100 K under a cold nitrogen stream on a Rigaku AFC8 diffractometer equipped with a Saturn CCD area detector and a graphite monochromatizedMoKα source (λ = 0.71070 Å). The frame data were integrated and corrected for absorption effects using the Rigaku/MSC CrystalClear program package (s3).
All structures were solved by direct methods and refined by full-matrix least-squares on F 2 with anisotropic displacement parameters for the non-H atoms using . The function, Σw(|Fo| 2 -|Fc| 2 ) 2 , was minimized, where w = 1/[((Fo)) 2 + (X*P) 2 + (Y*P)] and P = (|Fo| 2 + 2|Fc| 2 )/3 and the parameters, X and Y, are
suggested during the refinement process. The hydrogen atoms were calculated in ideal positions with isotropic displacement parameters set to 1.2xUeq of the attached atom (1.5xUeq for methyl hydrogen atoms). Neutral atom scattering factors and values used to calculate the linear absorption coefficient are from the International Tables for X-ray Crystallography (1992) (s5). All the calculations were carried out with the SHELXTL program (s6). The details of the crystallographic data are summarized in Table S1 . Compound 4a (2.00g, 6.13mmol) was dissolved in acetone (300 ml) and trifluroacetic acid (1.9 ml, 24.52 mmol) was slowly added. The mixture was then stirred for two days at room temperature, after which point 6 ml of triethylamine were slowly added. After removal of the solvent by evaporation,the resulting brownish oil was redissoved in CH 2 Cl 2 , washed with water, and dried over anhydrous MgSO 4 . The resulting crude product was purified by silica gel column chromatography using CH 2 Cl 2 as the eluent; this yielded the two diastreomers 4 and 5. 148.1, 139.7, 134.1, 127.5, 117.2, 106.9, 104.2, 45.0, 35.4, 30.0, 27.7, 27. In order to characterize the solid-state products resulting from the interaction between the electron rich TTF- Figure S10 -S12, these mixture-derived materials differed significantly in terms of both their morphologies and colors from either set of components used to effect the purported self-assembly, i.e., the TTF-C4Ps (yellow blocks) or DNP-C4Ps (orange blocks Figure S14 and S15.
Both 6a and 6d contain the constituent calixpyrrole building blocks in their respective 1,3-alternate conformations.
The other geometric features are consistent with the existence of arrays that built up via a combination of heterocomplementary directional hydrogen bonding and electron donor acceptor interactions as noted in the main text. s7
III-2. SEM studies of self-assembled calix[4]pyrroles.
Scanning electron microscopy (SEM) was used to observe the morphologies of the self-assembled materials 6a-e. The samples were prepared on Silicon wafer, which was cleaned using nitric acid prior to use. The wafer was then dropped into a polymer dispersion, and then immediately dried for 1 hour at 25 °C prior to commencing the analysis. After coating with 15 nm Pt/Pd (Cressington HR208 sputter coater), the specimens were imaged with a Zeiss Supra 40VP FE-SEM instrument, using an accelerating voltage of 10 kV. mixture of 1 and 4a in chloroform. As shown in Figure S13 , the ensuing structural analysis revealed that two DNP-DPM molecules are located inside the two cavities of this benzannulated TTF-C4P, which exists in its 1,3-alternate conformation. On the basis of this structural analysis, it is inferred that both hydrogen bond and electron donoracceptor interactions are present within the complex. This conclusion is supported by the short separations seen between the oxygen atoms of the nitro groups in the DNP-DPM guests 4a and the pyrrolic protons of the benzo-TTF-C4P 1 (the relevant distances range from 2.89 to 2.95 Å), as well as the separation of 3.29-3.55 Å between the electron rich TTF and the plane of electron deficient dinitrobenzene units.
2. Synthetic procedure for obtaining single crystals of 6a and 6d; description of related crystallization efforts.
Diffraction-quality single crystals of 6a ([1+4]) and 6d ([2+5]) were grown from equimolar mixtures
containing the corresponding TTF-C4P and DNP-C4P building blocks in chloroform, into which pentane was slowly diffused over the course of two weeks at ambient temperature. Attempts to obtain diffraction-grade single crystals from other combinations of precursors were not successful, although they yielded brownish materials with long, needle shaped domains. However, in the case of the crystallization chamber containing an equimolar mixture of 3 and 5, two sets of single crystal with different colors (yellow and orange) were found. They were physically separated and subject to X-ray crystallographic analysis. This revealed the crystals as corresponding to the starting materials, namely 3 and 5, respectively. 4mM) to the original mixtures, a sudden color change was observed with the solutions becoming orange rather than brown. Pentane was then allowed to diffuse into the resulting reaction mixtures over two weeks. Two sets of single crystals suitable for X-ray single crystallographic analyses (yellow and orange) were isolated. They were physically separated and their diffraction data were collected. The resulting X-ray analysis of these crystals revealed them to be 1•TEACl (yellow crystal), 4•TEACl and 5•TEACl (both orange crystals).
Single crystals of 1•(TNB) 2 and 4 were prepared by slow diffusion of pentane into a chloroform solution containing 4 equivalents of TNB, the benzannulated TTF-C4P 1 (2 mM) and the trans-DNP-C4P 4 (2 mM). It is worth noting that addition of TNB resulted in a sudden color change in the solution color from brown to dark blue.
s10
From this crystallization process, two sets of colored crystals suitable for X-ray single diffraction analysis were isolated as light orange and dark blue crystals, respectively. The resulting X-ray analyses revealed that the orange crystals corresponded to 4, whereas the dark blue crystals were the complex 1•(TNB) 2 . Similarly, single crystals of 5 and 2•(TNB) 2 were obtained from a mixture of 2 (0.2 mM), 5 (0.2 mM), and 4 equivalent TNB.
Figure S13. X-ray crystal structure of 1•(4a) 2 . Displacement ellipsoids are scaled to the 30% probability level.
Figure S14. Two views of the X-ray crystal structure of 6a designed to highlight the hydrogen bonding and charge transfer interactions that make up the extended array. Displacement ellipsoids are scaled to the 30% probability level.
s11 Figure S15 . Two views of the X-ray crystal structure of 6d designed to highlight the hydrogen bonding and charge transfer interactions that make up the extended array. Displacement ellipsoids are scaled to the 30% probability level. Figure S16 . Single crystal X-ray diffraction structure of the benzannulated TTF-C4P 1 and photograph of the crystal subject to analysis (left inset). Displacement ellipsoids are scaled to the 30% probability level. Displacement ellipsoids are scaled to the 30% probability level. Figure S21 . Single crystal X-ray structure of 2•(TNB) 2 and photograph of the crystal subject to analysis (left inset).
Displacement ellipsoids are scaled to the 30% probability level. Figure S22 . Two views of the single crystal X-ray diffraction structure of trans-DNP-C4P 4 and photograph of the crystal subject to analysis (left inset). Displacement ellipsoids are scaled to the 30% probability level. Figure S23 . Two views of the single crystal X-ray diffraction structure of cis-DNP-C4P 5 and photograph of the crystal subject to analysis (left inset). Displacement ellipsoids are scaled to the 30% probability level. All structures were solved by direct methods and refined by full-matrix least-squares on F 2 with anisotropic displacement parameters for the non-H atoms using SHELXL-97 (s4). The function, Σw(|Fo| 2 -|Fc| 2 ) 2 , was minimized, where w = 1/[((Fo)) 2 + (X*P) 2 + (Y*P)] and P = (|Fo| 2 + 2|Fc| 2 )/3 and the parameters, X and Y, are
Structural analysis
suggested during the refinement process. The hydrogen atoms were calculated in ideal positions with isotropic displacement parameters set to 1.2xUeq of the attached atom (1.5xUeq for methyl hydrogen atoms). Neutral atom scattering factors and values used to calculate the linear absorption coefficient are from the International Tables for X-ray Crystallography (1992) (s5). All the calculations were carried out with the SHELXTL program (s6). The details of the crystallographic data are summarized in Table S1 . Further details of the individual structures can be obtained from the Cambridge Crystallographic Data Centre by quoting CCDC numbers 831195 -831205.
s17
IV. Solution State Analyses.
IV-1. Continuous variation plots (Job plots).
Polymeric aggregates, such as 6, made up from two hetero-complementary monomers, are expected to exist in maximal concentrations (for a given total monomer concentration) when the monomers are present in a 1:1 ratio. This is because an excess of either monomer is expected to result in a decreased average degrees of polymerization by acting as a chain stopper. As a test of this expectation, continuous variation plots (Job plots) were constructed for chloroform mixtures involving the more soluble benzannulated TTF-C4P 1 and the two DNP-C4Ps 4 and 5. As can be seen from an inspection of Figure S24 (s9) , such an analysis reveals a maximum at a mole fraction, x, of 0.5 in both cases. This value is as expected for a 1:1 binding process. Moreover, the highly symmetric nature of these plots reflects a binding equilibrium that is equally sensitive to changes in the relative concentration of either component. In detail, as listed in Table S2, The dotted red lines were computer-simulated non-linear curve fits of the corresponding data sets.
s18 Table S2 . Comparison of normalized relative product formation in continuous variation plots. 
IV-2. Isodemic analyses.
As discussed in detail in the literature (s8), the isodesmic model is the simplest model for the description of extended supramolecular aggregates. An isodesmic model was assumed, (invariant K system), namely that the association (equilibrium) constant K n+1 for the addition of each additional monomer is equal to that for previous binding interaction, K n . Support for the use of an invariant K in our treatment comes from inspection of the Job plots, which proved highly symmetrical.
To the best of our knowledge, this is the first time such a treatment has been extended to systems based on hetero-complementary associations. Therefore, for the purpose of estimating the association constants, K, for each For formation of a dimer, the equilibrium is defined by
For trimers; the concentration, C 3 , is equal to sum of the concentrations of the two possible trimeric species. Thus,
Retaining the same term definitions but extending them to the tetrameric ensembles, Extending this definition to the level of an n-mer C n , allows C n to be expressed as
= C 1 and C n = (C' n-1 + C'' n-1 ); C' n-1 and C'' n-1 represent two scenarios, either binding of A or B.
Where, as noted above, C 1 , C 2 , C 3 , …C n are the molar concentration of monomer, dimer, trimer, … and n-mer species respectively.
According to the isodesmic model, each of the constituent binding interactions is equal. Therefore, under this
Therefore, C n can be simplified as
The term C T is (and was) the total initial monomer concentration. Since we know the exact starting concentrations of Generalizing to C n allows us to understand that this aggregated species contains n monomers. In other words, the number of monomers doesn't change but where they appear (monomer, dimer, trimer, oligomer, etc.) certainly does.
As a consequence, the total concentration of initial monomers, C T , can be expressed as This can be put in the form of a Taylor series
Allows equation (8) to be obtained from equation (6) 
Solving equation (8) leads to equation (9)
The number average aggregate size can then be calculated according to equation (10) (s8)
where C N is the concentration of all species such as monomers, dimers, trimers, and n-mers.
From equation (5), C n = 2K n-1 C 1 n ; therefore, we can obtain the following expression
Applying the series expansion 1 + x + x 2 + … + x n = 1/(1-x), gives
Combining equation (9) C T = 2C 1 /(1-KC 1 ) 2 with equation (10) C 1 = gives
To estimate K based on the electronic absorption spectra of equimolar mixtures of TTF-C4Ps and DNP-C4Ps, the following equation was used based on the isodesmic model described above.
The extinction coefficients at any given wavelengths can be simplified as (14) where X 1 and X a are the mole fractions; ε 1 and ε a are the extinction coefficients for the monomers and the aggregate species respectively.
Rearranging equation (14), we obtain
Combining the equation (9) C 1 = and equation (15) gives (16) where K is the association constant.
s21 Figure S25 . Plots of molar extinction coefficients as a function of total concentrations of equimolar mixtures of TTF-C4Ps (1, 2, and 3) and DNP-C4Ps (4 and 5) (left) and the estimated number average size of the resulting aggregates (right).
s22
Six sets of UV-vis spectra of equimolar mixtures between TTF-C4Ps and DNP-C4Ps were recorded at various concentrations as solutions in chloroform. Changes in the absorption coefficients at various chosen wavelengths were plotted as the function of the total concentration of the two constituent macrocyclic species. The isodesmic model described above was then applied to obtain the association constants, K, using non-linear regression analysis of plots of the extinction coefficients vs total concentration. Based on these K values, the number average aggregate sizes of the ensembles produced from the six mixtures made up from the three TTF-C4Ps and two DNPC4Ps of this study were calculated. This was done by varying the concentration profiles of the mixtures and treating the resulting absorption coefficient vs. concentration data in accord with equation (16) above. As can be seen in Figure S25 , the resulting plots for all six titration curves were characterized by a hyperbolic curvature. This was true for all six combinations, and is taken as prima facie evidence of a higher degree of aggregation occurring as the total concentration of the constituent monomers is increased. In accord with design expectations and as discussed in the text proper, the extent of this curvature was greatest in the case of those combinations characterized by the strongest aggregation. This is reflected in the calculated K values and predicted ensemble size calculated using the isodemic model detailed above. s30 Figure S39 . NOESY NMR spectra of 6a, as constituted from an equimolar mixture of 1 and 4 at a total monomer concentration of 14 mM and recorded after the addition of four equivalents of TNB (two equivalents per monomer).
Note the disappearance of the intermolecular coupling peaks between the two calix[4]pyrrole macrocycles. These spectra were recorded in CDCl 3 at ambient temperature. The spectrum on the right is a blowup of the portion of the spectrum on the left contained within the blue box. Figure S40 . NOESY NMR spectra of 6a, as constituted from an equimolar mixture of 1 and 4 at a total monomer concentration of 14 mM after the addition of two total equivalents of TEACl (one equivalent per monomer). Note the disappearance of the intermolecular coupling peaks between the two calix[4]pyrrole macrocycles. These spectra were recorded in CDCl 3 at ambient temperature. The spectrum on the right is a blowup of the spectrum on the left contained within the blue box. s31
V. Cyclic voltammetric studies
In order to investigate the effect, if any, that the addition of TEACl and TNB would have on the electrochemical properties of 6a ([1+4]), chloroform solutions of TEACl and TNB were titrated into a cell containing a CHCl 3 solution that was 2 mM of [1 + 4] that was also 0.5 M in tetrahexylammoniumhexafluorophosphate (THAPF 6 ). After bubbling with nitrogen gas for 10 minutes, cyclic voltammetry (CV) measurements were then carried out at ambient temperature using a CV-50W voltammetric analyzer (BAS) and a standard three-electrode cell equipped with a glassy carbon electrode, a reference electrode (Ag/AgCl), and a counter electrode (Pt wire). A scan rate of 100 mV s -1 was employed for all measurements. Values are expressed vs. Ag/AgCl. The potential of the Fc/Fc + under these solution phase conditions was found to be 0.50 V vs. Ag/AgCl. Figure S41 . Cyclic voltammograms of a chloroform solution containing 2 mM of both 1 and 4 recorded prior to and upon the addition of 2 mM of TEACl. THAPF 6 (0.5 M) was used as the supporting electrolyte; Ag/AgCl was used as as the reference electrode, and a platinum wire and glassy carbon were used as the counter and working electrodes, respectively; a scan rate of 100 mV/s was used. Figure S42 . Cyclic voltammograms of a chloroform solution containing 2 mM of both 1 and 4 recorded prior to and upon the addition of 4 mM of TNB. THAPF 6 (0.5 M) was used as the supporting electrolyte; Ag/AgClwas used as asthe reference electrode, and a platinum wire and glassy carbon were used as the counter and working electrodes, respectively; a scan rate of 100 mV/s was used.
